Introduction
The last decades globalization was characterized, among other aspects, by an increase in world trade 1 and …nancial integration 2 . However, despite the increase of these linkages across countries, the evolution of cross-country business cycle synchronization (hereafter, BCS) is an open issue, as neither of these channels have a clear e¤ect on international business cycle synchronization.
Theoretically, increased world trade can work either way. It may increment synchronization due to the increase of demand and supply spillovers as described in a wide range of two countries models 3 or, as more trade spurs specialization, sectorial shocks might become dominant decreasing cross-country synchronization 4 . As for …nancial integration, it may increase synchronization due to wealth e¤ects of external shocks or herd behavior of investors 5 , but can, also, decrease it by fostering capital mobility between countries to exploit short term advantages or by increasing the possibilities of international risk sharing reducing income risk and fostering international specialization.
Empirical work on international BCS is generally in favor of direct positive e¤ects of increased trade 6 , but the results regarding the e¤ects of …nancial integration are mixed: Imbs (2004, 2006) and point to increased synchronization due to higher …nan-cial integration, but Perri (2003, 2004 2 For an analysis of the trend evolution of …nancial openness see Lane and Millesi-Ferreti (2006) . 3 See, for instance, Baxter and Crucini (1995) , Kollman (1996) or Ambler et al. (2002) . 4 See Baxter and Kouparitsas (2004) . 5 See Calvo and Mendoza (2000) or Mendoza (2001) .who explain the herd behavior of investors and the sudden reversal of capital ‡ows. 6 See Frankel and Rose (1998), Imbs (2004 Imbs ( , 2006 and synchronization, but, also, …nds that industrial specialization, contrary to expected, decreases when trade increases and that the e¤ects of …nancial integration on specialization depend on the variable used to measure it. Overall, the literature on the determinants of BCS does not give a clear picture of the impact of globalization on synchronization.
Other branch of the literature studies directly the evolution of BCS by comparing its pattern over di¤erent periods, but the di¤erent studies made have, also, not provided a clear answer. A number of authors 7 found for the developed countries that the period from the nineties to the earlier years of the 21 st century showed a lower synchronization level than any previous period; Kose et al. (2008) show that between the developed countries and the emerging markets groups there was a decrease of worldwide synchronization but an increase within each group and Bordo and Helbling (2003) using a sample of sixteen developed countries found a secular trend towards increased synchronization.
Nevertheless, the methodologies used in most of these studies compute the synchronization estimates for speci…c time windows. This time aggregation might be problematic if there are outliers in speci…c years, as they will have a disproportionate impact on the correlation measure and may change the inter-period comparison. To overcome this problem, this paper uses a period-by-period index proposed by Cerqueira and Martins (2009) and two transformations that correct some shortcomings of the original index. These indexes will be used to study the evolution of cross-country BCS since 1960.
The paper structure is the following: the second section presents the period-by-period indexes, the third analyses the evolution of cross-country BCS not only at world level, but also by geographical and income groups and the …nal one presents the conclusions. 7 See for instance, Bayoumi and Helbling (2003) who study the correlation coe¢ cients between the United States and the other countries of the G7 group, Heathcote and Perri (2004) 
The main advantages of this index over the correlation index are that it distinguishes negative correlations due to episodes in single years, but also asynchronous behavior in turbulent times and synchronous behavior over stable periods, thus capturing time variability. However, ij;t has one main drawback: it is asymmetric. This last index, although it is symmetric, when applied to periods with very high correlation creates large absolute di¤erences in the measure even if the synchronization between two pairs of countries is not that di¤erent 9 . Therefore, even if we reduce the negative outliers, we may be introducing positive ones and, once again, bias the results.
A third measure, which is bounded between -1 and 1 ( b ij;t ) is given by:
The last transformation presented, the bounded index, is symmetric and does not create large absolute di¤erences when synchronization is very high/low and so is less sensitive to possible outliers. Therefore, the empirical analysis will draw the conclusions, mainly, from the analysis of the bounded index , although it will also present the results from the other indexes as controls and robustness checks.
International synchronization evolution
This section analyses the evolution of the BCS across countries at worldwide level, but also, by geographical and income groups. The indexes were constructed from the growth rate of each country, using the Real Gross Domestic Income Adjusted for Terms of Trade Changes taken from the Penn World Tables from 1960 to 2007 for 111 countries 10 
Worldwide analysis
The evolution of the median and average of the BCS indexes presented in the previous section are illustrated in …gure (1). These plots show that, while the median evolution is similar across indexes, the plot of the raw index average is quite di¤erent from the remaining. This happens because, as stated before, the raw index ranges from -93 to 1, so negative outliers have a larger impact on its average. 9 If we have T = 47, then if the raw index is 0.99, 0.98, 0.95, the unbounded version is respectively: 2.312, 1.96, 1.50. Therefore , in a regression the unbounded index will give disporportionate importance to periods with high correlation values. crises, commonly found as troughs in the business cycle literature; however, the remaining troughs in synchronization, which are much smaller, have no close association with identi…able business cycle recessions 11 . Finally, it seems that overall synchronization is slightly higher at the end of the sample than before. However the observed increase in the plot is quite small to say anything de…nite, so to test the accuracy of this claim we perform a …xed e¤ects 12 panel estimation of the BCS indexes against a linear trend and its square 13 :
1 1 At this point, it should be noted that Helbling and Bayoumi (2003) found a business cycle trough at 1986/89, while other papers estimated a world business cycle stagnation at these years. 1 2 Following Baltagi (2005) , pp. 12-14 : "The …xed e¤ects model is an appropriate speci…cation if we are focusing on speci…c set of N …rms" as "... the random e¤ects ... if we are drawing N individuals randomly from a large population". In this study, clearly we are not randomly drawing the observations, so the study should be understood as focusing in the synchronization of the observed 111 countries. 1 3 The trend variable takes the value 1 in 1961 and 47 in 2007.
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As explained in the previous section, the estimations using the raw index or the unbounded index might be biased because the two indexes have distribution frequencies with very long tails, respectively, to the left (negative synchronization) or to the right (positive synchronization). This can be seen in table 1, where the raw index has a sample average of 0.88, an observed maximum close to one, while the minimum is -33.743. The unbounded index has a sample average of 0.785, an observed minimum of -2, while the maximum is 11.762. Finally the bounded index ranges from -0.964 to 1 with an average of 0.391. This symmetry around zero of the bounded index makes it less susceptible to outliers, so we will focus on the estimations which use this index, keeping the remaining ones for comparison. Table 2 shows the estimated values of equation (4) . These estimates 15 predict that the indexes have a downward trend from the sixties until 1974/75, when they reach a minimum, and an increasing trend afterwards. These results also show that the synchronization level in the 21 st century is higher than in the sixties. This leads to the conclusion that the world has become more synchronous during the globalization era . Nevertheless, we should take into account that not all the synchronization increase in the latter years is due to the globalization, as part of it is the backlash from the synchronization decrease found in the seventies and early eighties.
However, the question of whether this is a worldwide pattern or just the re ‡ex of some country groups remains open. The next section will address this issue, analyzing the evolution of BCS for di¤erent sets of countries, grouped either by geographical location or by 1 5 With trend 3 the results were qualitatively equal, and from the trend 4 onwards some of the variables lose sign…cance. 
Inter and Intra Group analysis
This section analyses the evolution of business cycle synchronization for di¤erent country groups, either divided by geographic location or by income level.
Geographical groups
The countries were divided into six groups, using the geographical division of the World Bank: East Asia and Paci…c (EAP), Europe and Central Asia (ECA), Latin America and Caribbean (LAC), Middle East and North Africa (MENA), South Asia (SA), Sub-Saharan Africa (SSAf) and North America (NA) 16 . The following equation was estimated using …xed e¤ects:.
where d k is a dummy variable which takes the value 1 if both countries belong to group k and 0 otherwise k = EAP; ECA; LAC; M EN A; SSAf; SA; N A (5) Table 3 reports the results using the three synchronization indexes, as well as restricted 1 6 See the groups composition in appendix B. Two other regions have a di¤erent pattern when compared with the base case: SA and 
Income level groups
The countries were divided into four groups, using the income level classi…cation of the World Bank: Low-Income (LIC), Lower-Middle Income (LMIC), Upper-Middle Income (UMIC) and High Income (HIC). 18 First it was analyzed the intra-group evolution to check if synchronization within groups is di¤erent. Afterwards the same analysis was made for the synchronization between the high income and developing countries.
Intra-group analysis For the intra-group analysis we estimated the following equation:
where d k is a dummy variable which takes the value1 if both countries belong to group k and 0 otherwise k = LIC; LM IC; U M IC; HIC
Table (4) shows that LIC and UMIC may be equal to the base case. From the restricted models 3.1 to 3.4 we realize that we cannot omit simultaneously the two variables associated to the UMIC group, as the Wald test always reject that hypothesis. Therefore, it can be said that only the LIC group is not di¤erent from the base case. Figure ( 3) depicts the estimated value for each group using regression 3.4. It shows that the LMIC and the UMIC groups have a similar synchronization pattern to the one of the base case. The di¤erence between these groups is the fact that the UMIC group synchronization starts higher than the base case and ends,roughly, at the same level, while the LMIC synchronization is in the sixties similar to the base case but in the sample end this 1 8 Groups composition in appendix B. Between squared brackets p.-value of Wald Test *,**,*** -Signi…cant at 10%, 5% and 1%, respectively group is the most synchronous of all. Finally, the HIC group shows a continuous increase in synchronization through all the sample, not showing any synchronization decrease due to the …rst or second oil crisis. Inter-group analysis This section studies the BCS evolution between developing countries, grouped as before, and the high income countries. The estimated equation is:
where d HIC;k is a dummy variable which takes the value 1 if one country belongs to the HIC group and the other to group k and 0 otherwise. Table 5 shows that the synchronization pattern between any group of developing countries with the high income countries is always signi…cantly di¤erent from the one of the remaining world. Also, the synchronization evolution between the HIC and LIC countries is not signi…cantly di¤erent from the one between HIC and LMIC countries 19 . This means 1 9 The joint test 1;LIC = 1;LIM C and 2;LIC = 2;LIM C does not reject the null for the unbounded and Anyway the evolution pattern, as …gure (4) shows, is similar to any cross-group considered. Synchronization was stable until mid-seventies and increases afterwards, showing that the developing world was getting more synchronous with the developed world even before the nineties.
Conclusion
This paper using period by period synchronization indexes shows that worldwide BCS decreased until the mid-seventies and increased afterwards. Furthermore, the increase in later years was so strong that the levels reached in the early years of the 21st century were higher than the ones observed in the sixties.
This worldwide behavior is replicated for most of the inter and intra group analysis,
showing that in most cases the only change observed was the strength of the synchronization increase in the last three decades and the dating of the trough. However there are two exceptions: …rst, the high income countries group shows an increasing synchronization level since the sixties without su¤ering any e¤ect from the oil crisis in the seventies and early eighties. Other exception is the East Asia and Paci…c group that had a continuos increasing synchronization until the eighties, but from then onward it has stabilized or even decreased.
On conclusion, it can be said that since the seventies the business cycle synchronization at world level has increased continuously. This increase cannot be explained only by the recover from the trough, so, we suspect that the globalization process is a relevant factor of this rise.
bounded index at 5% level of signi…cance.
[ Proof. Max ( ij;t ) = 1 As the second component in equation (1) is always non-negative, when it is zero we get
To …nd the extreme values of a speci…c value of ij;t (let's say the 1 st ); we analyze the function:
From the derivatives to obtain the stationary points we get:
( At this point we do not need to know the remaining 2T-2 derivatives) 17 where C 1 is a constant that depends on T;
So or the …rst factor is zero, which implies that f 1 = 0 and ij;1 = 1;(which is the result for the maximum) or, as the last factor is a sum of squares, each component of the sum is zero. Therefore all observations but the …rst in each series are equal. Also, the restrictions D 1i 6 = 0 and D 1j 6 = 0 imply the the …rst observation is di¤erent from the others.
With the last result, and considering that all observation of series d i;t and d j;t for t 2 are and ; respectively, the problem simpli…es to :
Where As the proposed period-by-period index is invariable if we add to all elements of either series a constant (see proof below), we will work onwards with two series,observed over T periods (d i and d j );such as all observations but the …rst are zero. In this case the problem is:
Now notice that: So over the stationary points ij;1 ; takes either the value 1 or 3 2T:
The …rst is the maximum as seen before, and the second the potential minimum.
But a stationary point is just a necessary condition to reach a minimum/maximum in a point (its not su¢ cient). But this also means that if there is global minimum/maximum as the function is continuously di¤erentiable over a open set the maximum/minimum cannot be obtained outside the set of stationary points.
So assuming that the global minimum/maximum exists the maximum/minimum value the function takes over the set of stationary points is the maximum/minimum of the function. As it only takes two values, the biggest is the maximum and the smallest is the minimum. So in fact:
Max ( ij;t ) = 1 and Min( ij;t ) = 3 2T
Proposition 3 The purposed period-by-period index is invariable if we add to all elements of either series a constant, being them equal or di¤ erent across the series Proof. Lets de…ne the constants by and ; then we get: 
